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AIRFOIL WITH 0.35-CHORD SLOTTED FLAP AT 
REYNOLDS NUMBERS UP TO 25 MILLION 
By Stanley F. Raclsz 


SUMMARY 


An invest ig:at Ion has Been made in the Langley two-dimensional 
low— tia-hulence tunnel and the Langley two-dimensional low— turbulence 
pressm’e tunnel to determine the highest maxim\wn lift configurations 
(ideal configurations) of a 0.35--<5hord slotted flap on an 
NACA 65^21 p^Alll (approx.) airfoil soction. The scale effects on 

the aerodynami-C characteristics were determined for Reynolds numbers 
ranging from 2.4 X 10^ to approxlme,tely 25.0 X 10*^\ 

Increasing the Reynolds number from 2.4 x 10^ to 9-0 x 10°. 
decreased the flap deflection for hipest maximum lift from 45° 
to 40° and 35° (deflections of 40° and 35° gs,ve same maximuiu lift). 
Increasing the Reynolds number caused the flap position for hifhsot 
maximum lift to move upward approximately 1 percent of the airfoil 
chord for flap deflections of 35° and 40° and also rean'mrd for a 
flap deflection of 35°. I'he flap configuration with the center of the 
flap leading-edge radius located 1. 98 percent chord behind and 
3.21 percent chord below the slot lip at a flap deflection' of 35° was 
the optimum configuration. A maximum Increase of only 0.1 in the value 
of the maximm section lift coefficient was obtained at a Reynolds 
number of 9,0 x 10° by shifting the flap from the position giving the 
higliest maximum lift at a Reynolds number of 2.4 x 10°. In general. 
Increasing the Reynolds number delayed the stall to higher section 
angles of attack and also caused a more gradual, stall for both the 
flap— retracted and the flap-deflected configurations. The maximum 
section lift coefficients for the flap— roiiracted configuration increased 
as Reynolds number increased to I8.O X 10° and then decreased slightly 
with further increase in Reynolds number; the coefficients for the 
flaj)-deflected configuration inci-eased as the Reynolds mmiber increased 
to a value of I3.O X 10° and then decreased slightly. The increment 
of maximum section lift coefficient due to the slotted flap 
increased from 1.24 to I.36 as the Reynolds number was increased 
from 3.0 X 10° to about 12.0 X .10^ and then decreased to I.3I as 
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the Pe^molds mmber incree-sei up to,a>out 25 .0 x 10^. At section 
lift coefficients outside the low-drag range, the section drag 
coefficient decreased as the Reynolds huiaber increased thronghoixt 
the test range of Reynolds number . 


. INTRODUCTION 


The use of thin wing sections to increase the crltica.1 speeds 
of hlgh-spoed alrpl^anes hue led to the need for hi, gh- lift flaps In 
take-off and landing. ?uai'ge wing chords and the trend toward 
higher take-off and landing speeds have increased the Reynolds 
mmiber for which the airfoil section with the flap must provide the 
required hi^ih lift up to values approaching 25.0 x 10'^. At hi/^i 
Reynolds mmbers, the ideal, flap conflfppration (flap configuration 
for highest maximxim lift) may he considerahly different from, that , ^ 
at low Reynolds mmhei’.s hecause of changes in the boundary- layer 
characteristics and the flow conditions through the slot. The 
range of Reynolds nuiaher covered in e.riJerlmental investigations 
such as those renortod in .-’eference 1 has generally been limited to 
about 9 >0 X 10°. Although a limited amomt of data for Reynolds 
numbers hi.gher than 9.0 x .10^ are available for, thin airfoils 
equ.ipped. with slotted flaps, the large scale effects on mairimum- 
lift coefficient at Reynolds numbers below 9.0 x 10^, illustrated in 
reference 1, indicate that the maximum lift coefficient may con- 
tinue to vary considerably ■vrith Reynolds number as the Eejaiolds 
number is increased to values above 9*0 x 10°. 

An NACA 65^p]p)Alll (approx.) airfoil section equipped 

with a O.35"chord slotted flap has been tested in the Longle3A 
two-dimensional low -turbulence tunnels to determine whether the 
ideal flap configuration is dependent upon the Reynolds number 
and to determine the Bca].e effects on the aerodynamic characteristics 
for Reynolds numbers up to 25 .0 x 10^ , 

SYIEOLS' 


section angle of attack, degrees 
c , airfoil chord (flap retracted) 
c^ section drag coefficient 
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minlmiim section drag coefficient, 

section lift coefficient 

maximum section lift coefficient 

increment of maximum section lift coefficient 

section pitching-moment coefficient about airfoil quarter- 
chord point 

horizontal and vex’tlcal positions^ respectively, of center 
of flap leading- edge radiixs with respect to upper lip 
of slot in percent c (x positive forward of slot lip and 
y positive below slot lip (fig. l)) 

flap deflection, degrees 

R Re.^violds number 


MODEL 


The 2- foot-chord model tested in the present investigation was 
approximately an NACA 65 qi 2)^''111 airfoil section with a 0.35c 
slotted flap. The NACA 6A- series airfoils, which may be derived 
by the method discussed in reference 2, vrere deer!.{pied to elininate 
the traillng-edge cusp of the NACA 6- series airfoils. The 
NACA 65 /x 12)-^1-1 airfoil was derived by a different method , but 
the resijlting. section is approxi:aately the same as would be obtained 
from reference 2. Ordinates for the airfoil section and the flap 
are given in tables I and. II, i’eapectively . A sketch of the model 
showing the essential dimensions fuid the reference points defining 
the flap position is presented as figure 1. The model, constructed 
of altmtinum alloy, completely spanned the 3-i’oot-'vrlde test section. 
Photographs of the model with the flap deflected are presented as 
figure 2. The method of attachinr the flap to the main part of 
the model, as shown in figure 2(a), pe:mitted an extensive variation 
of the flap position for each flap deflection. Although the s.lot 
was closed when the flap was retracted, a plasteline seal was 
inserted in the slot to prevent any leakage of air which could . 
resvilt from smai.l changes in the model surfaces dirrlng tests with 
the flap retracted. The seal was removed for te.sts of the model 
with the flap deflected. For most of the tests the model surfa.ces 
were aerodynamic ally smooth. For the condition with loading-edge 
roughness the surfaces were the same as those for the smooth 




min 


max 


‘'max 


'“c/4 
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condition except that 0. Oil-inch harhorundum grains had "been applied 
over a surface length of 0.08c at the airfoil leading edge on hoth 
su2-faces. The roughness configuration, corresponded to the steindard 
roughness described in reference 3* 


TESTS 

Tests of the model were made in the Langley two-dimensional 
low- turbulence tvmnel (LTT) to determine the ideal flap configuration 
(flap configuration for higiiest c^ at a Eeynolds number of 

2.4 X 10^. These tests consisted of measurements of the maximum 
section lift coefficients for an extensive range of flap position at 
several flap deflections. The section lift characteristics for 
an extensive range of angle of attack were determined for the ideal 
flap positions. Similar tests were made in the Langley two-dimensional 
low-tin^bulence p^’essure tunnel (TIT) to find the ideal configuration 
at a Eeynolds mmiber of 9 *6 X 10'^ and to obtain an Indication of 
the effects of Reynolds number on the ideal configuration. The 
highest tunnel pressur'e at which alterations of the flap configura- 
tion could be made v^lthin the tunnel was 4 atmospheres absolute. 

The tests of the flap-deflected configurations were therefore 

limited to a Reynolds numbei’ of Q.O x 10^ which was the highest 
obtainable at that pressure without exceeding a tunnel Mach number 
of approxlmatel.y 0.2. The scale effects on the aerod.ynamic charac- 
teristics for Reynolds numbers ranging from 2.4 x 10^ to approxi- 
mately 2^ .0 X 10^ were then determined for the flap configuration 
selected as the optimum. The section lift characteristics for 
intermediate flap deflections were detormlned at a Reynolds number 
of 9.0 X 10*^. The scale effects on the section lift and drag 
characteristics of the airfoil section with the flap retracted were 
determined at Reynolds numbers ranging from 3 *0 x 10^ ,to approxi- 
mately 25.0 X 10^. The section pitching-moment characteristics and 
the effects of leading-edge rouPhness on the section lift and drag 
characteristics were determined at Reynolds manbers ranging from 
3 .0 X 10^ to 9 .0 X 10^ . 

A discussion of the test methods used in the LTT and' tho TDT 
and of the methods used in cori-ectlng the test data to free-air 
conditions is given in reference 3* The maximum free -stream Mach 
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niTmters attained during tests in the LTT and TDT are given in the 
following table : 


Reynolds number 

Mach nmber 

2.4 X 10^ 

0.16 

3.0 

.10 

6.0 

.14 

9.0 

.16 

12.0 

.14 

18.0 

.14 

25.0 

.18 


RESULTS AMD DISCUSSION 


The terms "ideal deflection" and "ideal position" are used 
herein to deslioiate the flap deflection and flap position, respec- 
tively, for the highest value of C7 at a particular Reynolds 

‘'max 

number. The term "ideal configuration" is used to designate the 
flap configuration described, by the flap deflection and position 

for the highest value of ci . 

max 

Flap Confi.gurations 

Ideal config^rration at R = 2.4 x 10^ .- Contours for constant 

valxies of c^ for various positions of the center of the flap 
‘■max 

leading-edge radius at flap deflections of 35°, *<-0°, and 450 are 
presented in figure 3* The ideal position for each of the flap 
deflections tested is also shown. The tests were limited to a 
flap deflection of 450 because at that deflection the flow over the 
flap was stalled throughout most of the range of angle of attack 
and the increase in the value of resulting from increasing 

the deflection from 40*^ to 45° was onl.y 0 .05 . That any significant 

increase in the value of c? wotO-d have been obtained by 

^max 

increasing the flap deflection beyond 45° is therefore unlikely 
because more severe stalling of the flap could be expected to occur 
at higher flap deflections. The ideal configuration at a Reynolds 
number of 2.4 x 1.0^ as shown in fl,gure 3 was a flap deflection of 45° 
with the center of the flap .leading-edge radius located 0.73 percent 
chord behind and 4.46 percent chord below the slot lip. The ideal 
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deflection •vraa the same as that found to he the Ideal for the 
0 . 25 c slotted flap, designated as slotted flap 1 in reference 1, 
on the NACA 65-210 airfoil section. The ideal position varied 
only ahmit 1 percent chord as the flap deflection increased 
from 33*^ to ^5° . 


The section lift characteristics of the model with the flap 

located in the positions found to he the ideal at a x?ejTiolds 

number of 2.4 x 10^ for the three flap deflections tested are 

presented in flfpire 4. At flap deflections of 40*^ and 45°, the 

slopes of the lift curves at section angles of attack slightl^y 

hoi ow the stall are coasiderahly higher than the slopes of the 

cainrea at low section angles of attack. Tuft studies of the air 

flow over the flap at a deflection of 40° indicated that the flow 

over the flap was stalled throughout most of the angle-of-attack 

range hut unstalled at angles of attack slightly helox4 the angle 

of attack for maxiro.um lift. A less pronounced change in lift at 

high angles of attack was ohtained at a flap deflection of hy 

shifting the flap position forx.'ard of and upward from the Ideal 

position with a consequent redixction in the value of ci 

"max 


Ideal conf jguration at R == Q.O x 10^ .- The values of c^ 


10^ for 


max 


measured at a Reynolds mmiher of approximately 9*0 
several flap configurations including those found to he the ideal 
at a Reynold number of 2.4 x 10° are presented in figure d. The 
highest maximum section lift coefficients measured at flap deflections 
of 35'^ and 40° at a Reynolds mmiher of 9«0 x 1.0° were almost the 
same and thei-efore either one of the two flap deflections ccuLd he 
selected as the ideal. A flap deflection of 35°, however, would he 
more suitable than a flap deflection of 4o° inasmuch as a lower 
drag could he expected for that flap deflection. A comparison of 
the data presented in flcpires 3 and 5 indicates that increasing 
the RejTiolds n’ornher f.i’om 2.)!- x lO'^ to approximately 9*0 X ic6 
decreased the ideal deflection hy at 3.east^5°* Increasing the 
Reynolds number from 2.4 x .10^ to 9*0 x 10'^ caused the ideal position 
to move upward for flap deflections of 35° 40° and also rear- 


xrard for a flap deflection of 35° • These changes in the ideal 

position resu3.tlng from, the i.ncrease in Reynolds mmher were 

slijditly less than 1 percent chord as indicated hy the data presented 

in fi,gure 5 • The largest increase in the value of C 7 at a 

^ ‘■max 

Re. 3 TioldB ni’mher of 9*0 x 10° ohta.ined hy shifting the flap position 
from that found to he the ideal at a Reynolds number of 2.4 x 10° 
xras only 0 . 1 . 


The section lift characteristics at a Reynolds number of 
9.0 X 10^ for several positions of the flap including those fotnd 
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to te the Ideal at a Reynoldc nuitibei* of 2.4 x 10° are presented in 
flfjure 6. A comparison of the lift curves Obtained for flap def.lec— 
tions of. 35° eind 40° indicates that variations in flap position have 
less effect on the section lift coefficient at low angles of attack 
for a flap deflection of 35° then for a flap deflection of 40°. For 
ex.omple, at a flap deflection of 40°, shifting the position changed 
the section lift coefficient at an an^le of attack of 0° by 0.5; " 

whereas, for a flap deflection of 35°j the change in the section lift 
coefficient at low angles of attack was about 0.1. 

Optimum configuration .— The ideal configuration at higlri Heynolds 
nvimbers would probably be more closelj’; approx^^mated by that found to 
be the ideal at a Heynolds manbor of 9-0 ^ 10° than the ideal con— 
fig’.iration determined at a "Reynolds number of 2.4 X 10°. An estimate 
of an optimum configuration at high HejnoJ.ds numbers was therefore 
made from the results obtained at a Heynolds number of 9-0 ^ 10^, 
Although the highest inaximian section 3.1ft coefficients for flap 
deflections of 35° and 40° were almost the same at a Ee:/nolds number 
of 9.0 X 10^, the flap deflection' of 35° wou3.d probably be more 
suitable because of lower drag, smaller change in 31ft at low angles 
of attack with flap position, juid less complicated structure 
resulting from the s!ii?J.ler flap deflection odong with the smaller 
variation of lift coex*ficlent with Eejnolds number at low angles of 
attack (fig. 6) . For a flap deflection of ^40°, increasing the 
Heynolds number from 2.4 x 10° to 9.0 X 10° caused a change of 0.25 
in the section lift coefficient at a section angle of attack of 0°; 
whereas, for a f3.ap deflection of 35°, the change was on3.y O.O5. 

The flap deflection of 35° was therefore selected as the optimum 
deflection. Inasmuch as increasing the Heynolds number caused a 
rearward and up^^ard shift in the ideal position of the flap for a 
defl-ection of 35° (fig. 5), the position with the center of the flap 
leading— edge radius located I.98 percent c behind and 3 -HI percent c 
below the slot lip would probab.ly be a sufficiently accurate 
approxir’ntion of the idea3. position at high Heynolds nxmibers. The 
resulting flap configuration 6^ = 35°^ x = — I.98 percent c, and 
y = 3.RI percent c, v^hich will hereinafter be referred to as the 
"optimm configuration," was the configuration tested at Eejmolds 
nixmbers up to 25. 0 x 10°. 


Lift Characteristics 

Scale effects on maximum lift .- The section lift characteristics 
of the airfoil with the flrop— retracted configuration and with the 
optimum configuration are presented in figures 7 a^id 8 for several 

Reynolds numbers ranging from 3*0 X 10*^ "to 25.3 X 10^. The variation 
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of maximum section lift coefficient and increment of maximum section 
lift coefficient due to the 0.35c slotted flap ^■d.th EejTiolds number 
are presented in figiure 9. The maximum section lift coefficient of 
the model with the flap retracted increased from 1.17 to 1,35. as 
the Peyi-iolds number increased from 3«0 x 10° to I8.0 x 10^ and then 
decreased to I.30 as the Reynolds number Increased up to 24.9 x 10°. 
The maximum section lift coefficient of the model vrlth the optimum 
configuration increased from 2.15 to 2.71 as the Eejuiolds number 
increased from 2.4 x 10^ to I3.0 x 10^ and then decreased to 2.62 
as the Reynolds number increased up to 25.3 x 10^. The Increment 
of maxlimm section lift coefficient, 8ho\m in figure 9, increased 
from 1.24 to 1.3c as the Reynolds number was Increased from 3 *0 x 10^ 
to about 12.0 X 10^ and then decreased to I.31 as the Reynolds 
number vra,s Increased to about 25 .0 x 10^ . 

Some of the data obtained at the lower Reynolds numbers may 
be compared with data given for the NACA 65-2IO airfoil with the 
0.25c slotted flap desi'piated as slotted flap 1 in reference 1 and 
data bbtalmjd for the NACA 23Q12 airfoil section vrlth the 0 .40c 
slotted flap design,ated as flap 1-a in reference 4. The data for 
the NACA 65-210 and NACA 23012 airfoil sections with slotted flaps 
have been included with the data presented in flgpre 9. The 

differences in the valubs of Acj for the three airfoil sections 

‘'max 

can be ascribed to differences in the flap chord. 

/ngle of attack for maximum lift .- The data presented in 

figures 7 and '3 indicate that for the flap-retractod configuration 

increasing the Reynolds number from 3 .0 x 10° to approximately 

12.0 X 10° Increased the section anfd.e of attack for c? by 

about 2°) whereas for the optimum configin-atlon with the flap 

deflected, the angle of attack for c^ was increased by as 
' ‘■max 

much as 5 • The increase in the angle of attack for maximum section 
lift coefficient with increase In Reynolds number vras accompanied by 
a more gradual stall. Increasing the Reynolds number beyond 
approximate!;'- 12.0 x 10° had. smaller effects on the angle of attack 
for maximum lift and on the stall than those obtained at low 
Reynolds numbers. 

Lift at low angle s of attack .- The variation of section lift 
coefficient with Rejsiolds number at a constant section angle of 
attack Is shown in flrare 10. Slight reductions in the section 
lift coefficient at a section angle of attack of -8,1°^ or positive 
increases in the angle of attack for zero lift, were obtained for 
the optimum flap configuration ^as the Reynolds number was increased 
be.yond approximately 12.0 x 10°. The variation of the angle of 
attack for zero lift with Reynolds number may be ascribed -bo changes 
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in the flov thi’ough the slot. These flow changes probably result 
in a variation of the ideal configuration with Reynolds number. For 
the f].ap“ retracted condition, however, the section lift coefficient 
at a section anr<le of attack of 0^ remained substantially independent 
of the Reynolds mmiber. 

Intermediate flap deflections .- The flap was deflected along a 
circular-arc path so that the configiiration resvtlting at a flap 
deflection of 35° corresponded to the optimum configuration. A 
line connecting the pivot point and station 0 .780c on the airfoil 
chord line was always perpendicular to the airfoil chord line and . 
therefore the flap position was determined by the flap deflection. 

The location of the' pivot point about which the flap was deflected 
and sketches of the flap configurations for several flap deflections 
are sriown in figure 11. 


The section lift characteristics at a Reynolds number of 
9 .0 X 10^ for flap deflections up to a deflection of 35^ si”© 
presented in figure 12. At a flap deflection of 20° and at section 
angles of attack higher than about t\Jo values of the section 

lift coefficient were obtained at each angle of attack although the 
maximum section lift coefficient remalne*^ nearly the same. Repeat 
tests indicated that the condition giving the lower lift coeffi- 
cients was the more stable of the two. Tuft stt’dies at a flap 
de'f'lection of 20° indicated that the irreg\i3.ar behavior of the lift 
coefficients was associated with partial stalling of the flap 
caused by the relatively poor slot shape for this flap deflection. 
Increasing the flap deflection to 30° unstalled the flow over the 
flap and the flow remained iinstalled throughout most of the angle- 
of-attack range although unsteady flow conditions existed near the 
trailing edge at low angles of attack. The data presented in 
figure 12 indicate that the increase in maximum section lift 
coefficient and the decrease in the angle of attack for maximim 
lift caused by deflecting the flap wan approximately a linear 
ftmetion of the flap deflection within the raxbje of flap deflection 
investigated. Although tests were not made for the configuration 
corresponding to a flap deflection of hO^ with the flap position as 
determined by the flap path, the maximum section lift coefficient 
would probably not be so high as that obtained for a flap deflection 
of 35° because the flap would be an appreciable distance behind 
the slot lip. 


Pitching-Moment Characteristics 

The section pitching-moment characteristics of the airfoil 
section with the flap retrenched for Re.'l'nolds numbers ranging from 
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3*0 X 10 ^ to 9*1 X 10 ^ are presented in flpiore 13 . Increasing the 
He;, molds numher from 3.O X 10 ^ to 9.I x 10 ° caused only small 
changes in the section pitching-moment coefficient at section 
angles of attack ‘belcw the stall. 

The section pitching-moment characteristics at a Beynolds 
nvmiher of 6 .0 x 10^ for the airfoil section with the optimum con- 
fl,guration are presented in figure Ik. The slope of the pitching- 
moment curve was positive at angles of attack from about 2° to 
sliglitly above the stall. From this pointy increases in the section 
angle of attack caused the slope of the pitching-moment curve to 
become negative . The value of the section pitching-moment coeffi- 
cient throughout most of the range of angle of attack was approxi- 
mately 0.1 more negative than that measured for the NACA 65-2IO airfoil 
section with the 0.25c slotted flap designated as slotted flap 1 
in reference 1 and approximately O.OU or O.O5 less negative than 
that obtained for the NACA 65-2IO airfoil section with a 0 . 31 c 
double slotted flap (reference 1). 


Drag Char'actori sties 

The section drag characteristics of the airfoil section with 
the flap retracted for Reynolds numbers ranging from 3 .0 x 10 ^ 
to 2 h ,7 X 10 ^ are presented in f if^ure I5 . The minimum section 
drag ccefficient decreased as the Bejnolds number increased 
between Reynolds numbers of 3 .0 x 10^ and I3 .0 x 10^,. and increased 
between Reynolds numbers of 13 .0 x 10^ and 24 .7 x 10 ^ . At section 
lift coefficients ouitside the low-drag range, however, the section 
drag coefficient decreased as the Beynolds number Increased 
throughout the test range cf Reynolds number. The range of section 
lift coefficient for 3 .ow drag continuously decreased with increase 
in Beynolds number until at a Be3molds number between I8.0 x 10 ^ and 
24 .7 X 10 ^ the ran<^e of section lift coefficient for low drag vas 
no longer defined by a "bucket." 


Effects of Leading-Edge Boughness 

The section lift and drag characteristics of the airfoil 
for the smooth condition and for the condition w1.th standard 
leading-edge roughness are presented for a Beynolds number of 

6 .0 X 10 ^ in figure 16. The deci’ea.se in the maximum section lift 
coefficient for the optimimi configuration caiised by the addition of 
roughness to the leading edge of the airfoil was approximately the 
same as that obtained for the airfoil with the flap retracted. 
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Approxlsiately the eame decrement 5n the maximimi section lift 
coeff.lclent was obtained for the HACA 65-210 airfoil vith slotted 
flap 3. at deflections of 30® end Uo° (reference l). The mlnimijm 
section drag coefficient for the condition with leading-edf^e 
rou?7hness Is approximately the same as that estimated from data 
presented in reference 3 for airfoil sections similar to the 
NACA 65 (ii 2)A111 airfoil. . _ 

CONCLUSIONS 


The results of tests of an NACA 65 mip)A 111 (approx.) airfoil 
section vith a 0.35 "Chord s3.otted flap in the Langley two-dimensional 
low- turbulence tunnels at Eo^tioMs manhers ranging from 2.4 x 10^ 
to approximately 25.0 x 3 0^ indicated the following conclusions: 

1. Increasing the Eeynolds number from 2.4 X 10^ to 9.0 x 10^ 
decreased the flap deflection for highest maximum lift from 45° 

to 4o® and .35'^ (deflections of 4o® and 35° gave same maximum lift). 
Increasing the Eeynolds number caused the flap position for highest 
maximum, lift to more upwe-.rd approximately 3. percent of the airfoil 
chord for flap deflections of 35° ai^d 40® and also rearward for a 
flap deflection of 35°. The flap confl'o^ration with the center of 
the flap leading-edge radius located 3 .98 pei’cent c]iori behind and 
3.21 percent chord below the slot 3 ip at a flap deflection of 35° 
was the optimum configu.ration. 

2. A ma?:imum increase of only 0.1 in the value of the maximiim 
section lift coefficient was obtained at a Rej'ncld.s mmber of 9*0'X 30® 
by shifting the flap from the position giving the highest maximijim 

lift at a EejTio3.ds number of 2.4 x 10^. 

3. In general, increasing the Ee;;mold3 n'jmber delayed the st.all 
to higher section an.gles of attack and also caused a more gradual 
stall for both the flap-retracted and the flap-deflected conf igurations . 

4. The maximum section lift coefficients for the fla.p- 
retracted confifpiratlon increased a,s Eeynolds number increased to 
18.0 X 10^ and then decrea,sed slightly with further increase in 
Eeynolds number; the coefficients for the flap— deflected configuration 
increased a.s the Eeynolc^s number increased zo a vaJ.uo of I3.O X lO^' 
and then decreased slight3.y. 
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5 . The increment of maximum section Tift coefficient due to the 
slotted flap increased from 1.2l| to I .36 as the Reynolds number was 
increased from 3-0 x 10° to about 12.0 x 10^ and then decreased to I. 3 I 
as the Reynolds number increased up to about 25-0 X 10^. 


6 . At section lift coefficients outside the low-drag range, the 
section drag coefficient decreased as the Reynolds mjmber Increased 
throughout the test range of Reynolds nmber. 


Langley Memorial Aeronautical Laboratory 

National Advisory Coramittee for Aeronautics 
Langley Field, Va. , August k, 19^1-7 
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TABLE I 


ORDINATES FOR THE 


NACA (APPROX.) AIRFOIL SECTION 


[stations and ordinates in 
percent airfoil chor^ 


Upper 

surface 

Lower 

surface 

Station 

Ordinate 

Station 

Ordinate 

m 

14.942 

19.950 

24.958 

29.967 

54.975 

59.9S5 
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TABLE II 


ORDINATES FOR 0. 55-CHORD FLAP 


Ifltations and ordinates in percent 
airfoil chord; lower surface of flap 
formed by lower surface of plain 


Station 

Ordinate 

65.50 

66.00 

67.00 

68.00 

70.00 

72.00 

74.00 

76.00 

78.00 

80.00 

82.00 

34.00 

86.00 

-0.865 

-;IS 

2.104 

2.267 

2.546 

2.554 

2.500 

2.185 

2.000 

Upper surface fairs into 

plain airfoil section 

at station 88,00 

L.E. radius; 

! 1.401* 


L.E. radius center at 
station 66,50 and 
ordinate -I.971 
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Figure 1 .- Profile of the NACA 65(2^2^2)^^^^ (approx.) airfoil section with a 0.55c slotted flap. 
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Figure 2.- Photographs of model with 0.35c slotted flap. 
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(a) = 55°. 


Figure Contours of values 

radius with respect to slot 

( approx . ) . 


of maxlsium section lift coefficient for positions of the center of the flap leading-edge 
lip for NACA (approx.) airfoil with a 0.55c slotted flap. R = 2.i| x 10® 
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(b) 6f=i^0°. 

Figure 3.- Continued. 
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(C) 

Figure 5«- Concluded. 


DO 


NACA TN No. 1463 


Section lift coefficient 


22 


NACA TN No. 1463 




X 


(deg) 

(percent c) 

o 


0.10 

□ 

ho 

-.73 

A 

U5 

-75 

o 

ho 

-.52 



Ideal flap positions 



Figure i|.- Section lift characteristics of the 
NACA (approx.) airfoil section 

with a 0.35c slotted flap. R = x 10 ^. 
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(b) 6^ = 1+0°. 


Figure 5.- Values of maxlmuBi section lift coefficient for various positions of the center of the flap leading-edge radius with 
respect to slot lip of the NACA (approx.) airfoil section with a 0.35c slotted flap. R = 9,0 x 10^ (approx.). 
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(a) 6j^ = 55°. 
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Figure 6.- Variation of section lift coefficient with section angle of attack for several positions of the center of the flap 
leading-edge radius with respect to slot lip of the NACA 65 (n 2 )Am (approx.) airfoil section with a 0.35c slotted flap. 

R = 9.0 X 10® (approx.) and 2 .i| x 10 ®. 
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Figure 7.- 


Seotlon lift 


oharaotTletlo. of the NACA 65(ii2)AlU (approx.) airfoil section with flap 
for several Reynolds numbers e 


retracted and slot sealed 
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Section lift coefficient, c, ^ Maximum section lift coefficient 
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;ure 9«" Variation of maximum section lift coefficient and Increment of maximum section 
lift coefficient with Reynolds number for the NACA (approx.) airfoil section 

with a 0 . 35 c slotted flap. 



Figure 10.- Variation of section lift coefficient with Reynolds number for the 
NACA ^Alll (approx.) airfoil section with a 0.35® slotted flap. 
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Figure 11.- 


Slotted flap configurations 
airfoil chord 


for Intermediate flap deflections. Perpendicular distance frpm station O.78OC on 
line to pivot point Is 0.520c for all flap deflections. 
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Figure 12.- Section lift characteristics of the NACA (approx.) 

airfoil section at several flap deflections with the 0.55c slotted flap 


following a circular-arc path. 
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Figure 15.- Section lift and pltchlng-moment characteristics of the NACA 65 q2^jA 111 (approx.) airfoil section with flap 

retracted and slot sealed. 
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Figure lU»- Section lift and pltchlng-moment characteristics 
of the NACA 65 (ii 2)A111 (approx.) airfoil section with a 
0.55c slotted flap. 6 f. = 55 °; x = -I.98 percent c; 
y = 5»21 percent c; R = 6,0 x 10^. 
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Figure 15»- Section drag characteristics of the NACA 65^2^2)^^^^ (approx.) airfoil section with flap retracted and slot sealed. 
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(a) Lift characteristics. 


(b) Drag characteristics, df. = 0°; slot sealed. 


Figure 16.- Section lift end drag oharaoterlstloe of the NASA 65(U2)A111 (approx.) airfoil section with a O.550 slotted flap for 
I smooth condition and condition with standard leading-edge rovighness. R = 6.0 x lO^. 
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